Objectives: Interhospital transfer, a common intervention, may be subject to healthcare disparities. In mechanically ventilated patients with sepsis, we hypothesize that disparities not disease related would be found between patients who were and were not transferred. 
BACKGROUND
Patients, their families, and providers in the ICU at smaller regional hospitals commonly face the dilemma of whether the patient should be transferred to a larger, more specialized medical center. This may occur because the patient needs a service or procedure not available at the regional hospital or because one or more of the key stakeholders (provider, patient, or family members) perceives a mismatch between patient needs and the available resources at the regional hospital (1). Typically, patients undergo interhospital transfer (IHT), so they can receive care from providers with greater expertise and obtain consults or procedures from subspecialists.
The unstated assumption is that patients will experience better outcomes after IHT than if they remain at the referring hospital (2) . Transfer thus represents a kind of intervention and may be subject to the same kind of health disparities that exist in other areas of medicine (3) . We compared mechanically ventilated patients with sepsis who underwent IHT and those who did not. We hypothesized that geographic variation and racial disparities exist that are not explained by the patient's diagnosis or medical comorbidities.
METHODS
This study is reported in accordance with the STrengthening the Reporting of OBservational studies in Epidemiology statement (4). A deidentified dataset was used for this analysis, for which a waiver of consent was obtained from the University of British Columbia Institutional Review Board. (5) . Only patients initially treated at smalland medium-sized hospitals (as defined by the AHRQ) were included in the analysis.
Covariates
Patient characteristics included age, gender, length of stay, race (categorized as white, black, Hispanic, or other), insurance coverage (yes vs no), do not resuscitate (DNR) status (ICD-9 V4986), and the Elixhauser comorbidity index. The Elixhauser comorbidity indices are a set of 29 comorbidities validated to adjust for chronic diseases in multivariate models. Hospital-level characteristics included size (small, medium, or large, as defined by the AHRQ), teaching status (yes vs no), and region of the United States (Northeast, South, Midwest, West).
Statistical Analysis
All analyses were performed in SAS v9.4 (SAS Institute, Cary, NC) employing complex survey procedures and weights. Independent t tests were used for continuous variables; chi-square was used for ordinal and nominal data. Data are presented with 95% CIs, where appropriate; a p value of less than 0.05 was considered significant. All percentages displayed in Tables are estimates of national projections using proper weights.
Multivariate logistic regression modeling was used to model the likelihood of transferring a patient to a higher level of care. All models were created a priori. The first model included age, gender, insurance coverage, race, hospital region, hospital teaching status, and DNR status. A second model was created which included all the variables in model 1 as well as the 29 Elixhauser comorbidity index elements.
RESULTS
A total of 55,208,382 hospitalizations from the 2006-2012 NIS were analyzed. There were 46,406 patients who met the inclusion criteria. Of these, 3,095 patients (6.6%) were transferred to a large hospital, assumed to be a more specialized center. There were 13,298 patients (28.7%) treated at small hospitals, whereas there were 33,108 patients (71.3%) treated at medium-sized hospitals. The results of univariate analysis between those who were transferred and those who were not are displayed in Table 1 . Older age, shorter length of stay, insurance coverage, and DNR status were significantly associated with lower probabilities of transfer, but female gender was not. There were significant differences within the categories of race, hospital teaching status, and location that were further explored in the multivariate model Table 2 displays the results of the multivariate regression model; odds ratios reflect likelihood of transfer. Older patients, black and Hispanic patients, and patients in the South were significantly less likely to be transferred. Patients from teaching hospitals and those with DNR status were significantly less likely to be transferred. Insurance coverage was not associated with transfer likelihood. When the Elixhauser index characteristics were added in model 2, patients with valvular heath disease were more likely to be transferred; those with liver failure, HIV infection, fluid and electrolyte disorder, weight loss, neurologic disorders, metastatic cancer, paralysis, and peripheral vascular disease were less likely to be transferred.
DISCUSSION
In this study comparing mechanically ventilated patients with sepsis who underwent IHT to those who did not, we found significant differences in patient characteristics unrelated to diagnosis or illness severity. Factors predictive of nontransfer included older age, minority status (black or Hispanic), and southern regional location ( Table 2) . As anticipated in both cohorts of patients, DNR status and hospitalization at a teaching facility are the identifiable factors most strongly associated with not being transferred. Our findings satisfied our hypothesis that geographic variation and racial disparities in IHT may exist that are not explained by the diagnosis or medical comorbidities. Black and Hispanic patients were significantly less likely to be transferred compared with white patients, even after adjustment for comorbidities. The category of other race did not show a significant association with risk of transfer, with a wide CI.
Several explanations are possible. First, there may be implicit or, less likely, explicit bias in medical providers' choices. Second, minority patients and families may be less likely to request or consent to being transferred to large, unfamiliar facilities and may prefer to receive care from local providers they know and trust. Third, there may be cultural or ethnic differences with respect to preferences that are unrelated to mistrust; studies of end-of-life preferences in chronic obstructive pulmonary disease suggest such differences (6) . Fourth, the physicians who treat these patients may be less well connected with the medical system at large and therefore less likely to refer patients to external sources of care. Finally, for some patients, language problems and concerns about exposing immigration status might also contribute to this finding.
Healthcare disparities have long been an issue of concern in the U.S. healthcare system. Subsequent reports by the American Medical Association, the Institute of Medicine (since renamed the National Academy of Medicine), and others have confirmed the pervasiveness and persistence of disparities throughout the U.S. healthcare system (3, 7, 8) . Our findings are consistent with previous research, including studies conducted by the Dartmouth Atlas and the Robert Wood Johnson Foundation demonstrating care variations by race and by region (9, 10) .
The study has several limitations. First, the NIS contains no information about severity of illness (SOI). However, even if we assume that transferred patients have greater illness severity than those remaining at the sending hospital, illness severity should be randomly assorted between ethnic groups and geographic locations. That is, even if patients in the transferred cohort were found to be more severely ill, higher SOI scores would not explain racial disparity. If anything, higher SOI scores among transferred patients would make our findings even more concerning, as sepsis appears to be both more common and more severe in patients of black and other nonwhite ethnicities (11) . Second, as with any administrative dataset, there could be unmeasured confounding; in this case, some potential confounders could include patient throughput pressures and bed availability in different transfer regions. However, if such unmeasured confounding results in systematically lower transfer rates for minorities, that would still merit further investigation. Third, because of the sensitivity of the ICD-9 administrative code for sepsis, some patients with sepsis may have been inadvertently excluded; however, the ethnicity of patients not captured by this administrative approach should be random and thus should not affect our findings on disparity. Finally, because the NIS does not link patient records, we are not able to evaluate the effect of IHT on patient outcomes.
Further research should be directed toward replicating this analysis and studying IHT using more detailed clinical data to evaluate relative contributions of geography and socioeconomic status as drivers of the findings. We should also study the entire IHT process, including cost effectiveness and impact on outcomes; this would require high-resolution clinical data, including outcomes, from both the transferring and receiving hospitals. Hospital-level variables such as bed availability, which are not available, would likely also have an impact on IHT.
CONCLUSIONS
In conclusion, we found that, among mechanically ventilated ICU patients with sepsis transferred between hospitals, there were significant disparities in patient ethnicity and location that were unexplained by diagnosis or medical comorbidities. 
